Pig Tail Sign: New marker of glaucomatous progression in a child with Oculo-
Dento-Digital Syndrome

Introduction

We present the case of a child with glaucoma associated with oculo-dento-digital
syndrome (ODD), in which the "pig tail" sign is described for the first time as a marker of
glaucomatous progression.

Pediatric glaucoma represents a diagnostic and therapeutic challenge due to its low
frequency and the difficulties involved in clinical evaluation in the child population (1).
Disease progression, critical for decision-making, is primarily assessed by changes in
intraocular pressure (IOP), visual field, and optic nerve morphology (1). However, the
limited cooperation of young patients makes it difficult to obtain reliable functional tests,
which makes it necessary to identify additional structural indicators.

Signs of progression described include loss of the neuroretinal ring, splinter
hemorrhages, and thinning of the nerve fiber layer (2). To date, nasal deviation of the
retinal vessels, particularly the superior and inferior temporal vessels, has been
described in the literature as a structural sign of glaucomatous progression, especially in
adults with advanced glaucoma (3). However, there are no previous reports that
describe a pattern of specific vascular curvature or torsion as a sign of glaucomatous
progression, which we have called the "pig tail" sign, much less in the pediatric population
or in genetic syndromes such as oculo-dento-digital syndrome (ODD).

ODD syndrome is a rare genetic disease associated with mutations in the GJA1, which
encodes connexin-43 (4). This alteration can affect ocular development and predispose
to structural changes of the optic nerve, which gives the case a unique context.

The aim of this study is to report the "pig tail" sign as a new structural marker of
glaucomatous progression in a child with ODD syndrome, describing its clinical and
imaging characteristics and analyzing its relevance for ophthalmological practice and
future research.

Case report

A 5-year-old male boy with a previous diagnosis of ODD syndrome came for
ophthalmological evaluation and glaucoma to be ruled out.

Perinatal history: Born by cesarean section by double circular cord, with a birth weight
of 3300 g.

First ophthalmological examination (1 year 9 months):
o Examination under general anesthesia with sevoran.
e Visual acuity: fixed and maintained in both eyes.
e |OP (Perkins): 22 mmHg OD and 21 mmHg OS.

e Anterior segment: normal conjunctiva, transparent cornea (diameter 9.5 mm),
trophic iris, mydriatic pupils.

e Fundus:
o OD: papilla with sharp edges, normal color, C/D 0.4-0.5, normal macula.

o Ol: papilla with central pallor, C/D 0.6-0.7, normal macula.



e Cycloplegic refraction: OD +0.50 sphere OS -3.50 sphere
e Ultrasound A: axial length 21.85 mm OD and 23.76 mm OS

Initial diagnosis: microcornea and childhood glaucoma secondary to ODD syndrome.
Treatment: combination of timolol and dorzolamide every 12 hours in both eyes.

Initial evolution:

Nine days later, IOP: 17 mmHg OD and 24 mmHg OS; pachymetry: 514 um OD and 570
pm OS. Gonioscopy: open angle in the four quadrants in both eyes. Ocular Fundus: C/D
0.6 OD and 0.7 OS. Congenital glaucoma secondary to ODD in OS and suspected
glaucoma in OD were confirmed.

Procedure: Harms trabeculotomy in OS
Subsequent follow-up:

The patient had multiple controls with IOP variations and successive surgical
interventions. In summary, the key developments are outlined below (Table 1):

Agel/approximate _— IOP (mmHg)
Date Procedure or finding oD/l Remarks
1to 2 years Initial diagnosis and OS 22/21 — 17 /24 | Initiation of medical treatment
trabeculotomy
3 years 11 months Trabeculotomy OD 19/18 - 16 /10 Good initial response
4 years 6 months New OS trabeculotomy 16 /17 — 18 /20 Latanoprost is added

Pharmacological

4 years 11 months Ahmed OS valve implant | 12/15 — 15/24 .
readjustment

5 years 6 months Ahmed OS second valve | 15/22 — 16/35 | Subsequent surgical control

Recurrence of glaucomatous

6 years Final control 11/37 :
progression

Table 1. Chronological sequence of intraocular pressures and findings during the patient's evolution

During follow-up, the progressive appearance of a new structural finding was
documented: characterized by abnormal deviation of the retinal vessel secondary to
loss of optic nerve tissue support. This characteristic pattern has been called the "pig
tail" sign.

The finding was observed through serial fundus photographs, which showed progressive
torsion and angulation of the vessels (Figures 1-7). The patient was evaluated at a
medical center specializing in clinical genetics, where the team of geneticists established
that the clinical findings corresponded to the diagnosis of ODD syndrome.



Figures 1-7. Chronological sequence of photographs of the left eye
fundus of a child with oculo-dento-digital syndrome and secondary
glaucoma, which capture for the first time the dynamic appearance of
the "pig tail" sign. Initial images (Figures 1-4) show a progressive
increase in papillary excavation with preserved vascular tract. In the
later stages (Figures 5-7), the black arrows indicate the progressive
curvature of the inferior temporal retinal vessel, which adopts a
characteristic spiral trajectory (pig tail sign).

Discussion

The present case provides an unprecedented finding in the context of pediatric
glaucoma: the pattern of specific vascular curvature or torsion, described as a sign of
the "pig tail". In this context, the identification of a visible structural sign by fundus
photography is a clinical tool of great value, especially in patients in whom functional
tests are unreliable.

Previous studies have described nasal deviation of retinal vessels as a structural
indicator of glaucomatous progression, mainly in adults with advanced disease. This
linear nasalization has been attributed to the progressive loss of the temporal
neuroretinal ring and the posterior displacement of the lamina cribrosa. However, the
vascular deviation observed in our patient differs both in its morphology and in its
pathophysiological mechanism.



The "pig tail" sign consists of an abnormal deviation of the retinal vascular pathway,
attributed to the loss of structural support in the optic nerve head (Figure 8). lIts
histopathological basis would imply a progressive destructuring of the lamina cribrosa,
with loss of normal laminar organization and subsequent displacement of its trabecula.
(5). The thinning of the collagen bundles reduces the mechanical resistance of the tissue,
favoring deformation in the face of high intraocular pressure.

Figure 8. Schematic representation of the "pig tail sign". The
diagram shows the optic disc and the main retinal vessels,
highlighting the spiral deviation of the inferior temporal vessel
observed in the serial fundus photographs. This simplified view
emphasizes the focal vascular curvature associated with the loss
of structural support in the optic nerve head.

Simultaneously, the loss of nerve fibers decreases internal support, while reactive glial
proliferation generates scar remodeling lacking the ability to support the vessels (6). As
a result, retinal arteries and veins lose their anchor points and adopt deviated or angled
trajectories.

This phenomenon can be understood by considering that blood flow in retinal vessels is
continuous. When the tissue support of the optic nerve is lost, the vascular path,
previously stable, is distorted and takes on a new configuration as it is freed from the
structural stresses that held it fixed, like how a hose with moving water changes shape
when released after being bent (Figure 9). This analogy illustrates the dynamic nature of
the sign and its direct relationship to the loss of mechanical integrity of the optic nerve.

Figure 9. Animation of the "pig tail" sign. Dynamic representation of
the spiral vascular curvature within the optic nerve, associated with
three-dimensional loss of the structural support of the lamina cribrosa.
The QR code links to the explainer video available at:
https://www.youtube.com/watch?v=9ICImvL5WJQ

In pediatric glaucoma, these changes may be more marked due to tissue immaturity.
The lamina cribrosa, thinner and more flexible in childhood, is especially susceptible to
early deformations (6). In addition, the less rigid extracellular matrix facilitates posterior
displacement of the lamina and loss of vascular anchorage.

The originality of this case is reinforced by its association with ODD syndrome, in which
mutations in the GJA1 gene, encoding connexin-43, alter intercellular communication
and the integrity of ocular connective tissue (7). This dysfunction could lead to greater
fragility of the optic nerve support structures and predispose to the vascular changes



observed in this patient, contributing to earlier and more aggressive glaucomatous
progression.

Taken together, this finding broadens the spectrum of ocular manifestations of ODD
syndrome and suggests a possible link between connexin-43 dysfunction and structural
susceptibility to glaucomatous damage.

The identification of the "pig tail" sign not only provides a new element for the
morphological evaluation of pediatric glaucoma but also opens a promising line of
research on structural biomarkers of progression that integrate genetic, anatomical and
clinical aspects of glaucomatous damage.

Conclusion

The present case describes for the first time the “pig tail" sign as a novel marker of
glaucomatous progression in a child with ODD syndrome.

This sign, characterized by abnormal deviation of retinal vessels, reflects a complex
histopathological basis with lamina cribrosa destructuring, loss of nerve fibers, and glial
remodeling leading to loss of vascular support.

Identification by serial fundus photographs offers an accessible diagnostic tool in
pediatric patients, especially when functional tests are unreliable.

The description of this sign opens the possibility of using the "pig tail" sign as an early
structural marker of glaucomatous progression, especially useful in pediatric patients or
with rare genetic diseases that compromise the integrity of the optic nerve. Its validation
through studies with larger series and correlation with high-resolution images could
consolidate it as a diagnostic and clinical monitoring tool in childhood glaucoma.
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